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A Very Brief Introduction

 Today is well known that stars are

signton BB powered by nuclear reactions.

O-ignition @ * Among the several key parameters
Ne-ignition ' (chemical composition, opacity,
Coegion &7 nuclei lifetimes, etc.) to model
'l | stars, reactions cross cross sections
He-ignition play an important role.

e They determines the origin of

" elements in the cosmos, stellar

evolution and dynamic, etc.

H-ignition

e Many reactions ask for High
Precision data.
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Non Resonant Reaction Cross Sectﬁ\
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Stellar Reaction Rate
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Laboratory Reaction Rate

DIANA

R = pxo(E)nlpeam

Target Areal Density px = 1018 atoms/cm?
Cross Sections o(E) = pbarn — nbarn
Absolute Detection Efficiency n =10 %
lLeary B€AM Intensity = 1000 puA

The Detection Rate Ranges from 1 event/month to 1 event/day

What Happens at Low Energies Where the Rate gets < Background?

People Got Used to Extrapolate Using Several techniques!




A Comment on Extrapolations{i&\
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Extrapolations could fail!!



Why Going Underground7

Background reduction at the
HPGe Detector () LUNA facility in the Gran
Sasso National Laboratory

Surface

J;-:

1400 m deep (= 3800 meter
of water equwalent | '
shielding)

Muon flux is reduced by 6
orders of magnltude
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Astrophysical S-factor (MeV barn)

Total S factor (keVbarn)
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Was This Approach Successful?

R. Bonetti et Al. Phys. Rev. | ett. 82 (1999) 5025
He("He,2p) He

1971 Dwarakanath et Al.

1987 Kraygms
o1t et
otti et
/1l e

1999 Bo
1999 Bo
1999 Bor

A\
FlToms

=

(L

10°
Center Mass Energy (keV)

~
S

a Nucl
ded Mﬁ

E

A. Lemut et Al. Phys. Lett. B 634 (2006) 483

Em|n =70 keV :
) est 0 7
@ 5]
[ J U A Im 1an1 et 21
® LUNA Gas Target 2005 X

--- Adopted NACRE 1999

Fit A.Mukhamed anov at al. 2003
W Runkle et a 21

Hw\Hf‘Hfw\\lw\HIMHIIHH

i’“”l""""""'"""lEﬁf?.::’f,.i_“.::—.—-f-" /'_;_ ::::: 3
g | \ T\ | | — \ 1|4N(|p 'Y)]iso 2
L1 | | 111 | 1 1| 1 11 | L 11| {55 S S 1 1 1 | 111 1 Y 11 1| i
0 25 50 |7 5 100 125 150 175 200 225 250

49 Days of Effective Beam Time!!!

ah

2

Astrophysical S-factor

C
- Z
=

C. Casella et al. Nucl. Phys. A 706 (2002) 203-216
D(p,y) He

054 il i
- i T I
: r
o048 Emin = 2.5 keV
i 5=9.2pb
03 Rate = 50 cts/day
02 —
B A 1963 Griffiths et Al.
r ¢ B 1997 Schmid et Al.
01 O 2002 C. Casella et Al

JAV

e 10 20 30
Center Mass Energy (keV)

| ‘ |
40

| ‘ |
50

F. Confortola et Al. Phys. Rev. C 75 (2007) 065803

sful Piomeets of

0.50

o o
Accele_‘_r,_a

Wait 2 Slides for Dlscussmn of Data

L L 1 il L

200 400 800 1000 1200

Energy (xeV)



Is There Anything Left to Do? éi&

DIANA

Many Reactions Need High Precision Data!

Hydrogen Burning Heavy lon Burning
3He(a,y)’Be 12C4+12C
2H(o,y)OLi 1204160
3He(3He,2p)*He 1604160
’Be(p,y)°B
2C(p,y)**N
14N(p,y)150 170(a,n)?*°Ne
15N(p,y), (p,)160,12C 28Si(at,y)3%S

0(p,Y),(p, ) *F*N
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Why DIANA?

A Physics Case Example: *He(a.,y)’Be
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DIANA @ 4850 DUSEL Lab Leveﬁi&\

DIAN

Yates Shaft Ross Shaft
Lab Modules

Possible
Location of =N :

Access Drifts
at 4850L

Ll iz 4850 Level more than adequate for

Davis C
WIS LRSI background reduction (1478.3 m)

Courtesy Dave Plate, DUSEL Project Office




DIANA Overview

DIANA

0.4 - 3 MeV DYNAMITRON
SHIELDING WALLS

50 — 400 keV HIGH-VOLTAGE PLATFORM

BEND MAGNET
BEAM TRANSPORT MAGNETS HIGH-ENERGY TARGET STATION

LOW-ENERGY TARGET STATION




Detectors

HPGe Are Ideal (Un-enriched MAJORANA Look Very appealing!)

Need to Fit Supersonic Jet Target Geometry

MC simulations of design for
optimizing the segmentation
of Ge crystals




3He(a,y)’Be: DIANA vs LUNA

DIANA

Berkeley Lab Has a High Experience in High Beam Intensity lon Sources Design!
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Another Case: 2°Ne(a,n)>>Mg

DIANA

Narrow Breit-Wigner Single Level Resonance:

8
< oV > (T) = \/ (Erese—E /kBT) 271'2)\2(Eres)w'yres

Tu(kpT)?,

-5 Ne(ocn) ‘M
10 g~ il
I No Way!!li_.—
73: O ayo CI o’
108 . »
= 10 F! St
é ]0_9i [
= 0F PET ’lq

~
S

-]]

;h Preusmrgw% ) Needed

14 2008 Ugalde et Al (ul NR + BW)

%]‘ a Wlde Energy Range'

5 00 600 700 800 900 ] 000 ] 1 00 ] 200
Center Mass Beam Energy (keV)

E., Threshold = 478.3 kev (cm) = 565 keV (lab)

O CroIss ection
o 0
~ ~ ~
S ﬁ S S




Summary

<>The underground approach for measuring
nuclear reaction of astrophysical interest has been
proved to be successful.

<>Many nuclear reaction of astrophysical interest
could receive benefits from being measured in an
underground laboratory.

<> DIANA’s goal will be to improve current
accelerator, detectors and target technologies
presently used in underground nuclear physics,
towards (hopefully) outstanding results.
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DIANA Low Energy

ION SOURCE 50 kV BEAM MAIN ANALYZING
EXTRACTION GAP ACCELERATION COLUMN MAGNET
(0 TO 400 kV)




DIANA Low Energy SimulationsC¥

DIANA

100 mA 3He* Beam at 50 kV

2009/07/10 11.52 2009/07/10 12.23

File : pp.073 zdt
80 pp

— LUNA @ 50 kV 0.050 mA Beam Diameter <1 cm at
o L DIANA @ 50 kV 100 mA Jet Target Location!
: DIANA/LUNA = 2000!!!



igh Energy

COMMERCIALLY AVAILABLE
DYNAMITRON
WITH MODIFIED HV COLUMN
AND BEAM TRANSPORT

MOVEABLE PLATFORM
FOR HV COLUMN AND
ION SOURCE SERVICE

HIGH ENERGY TARGET
(SOLID OR EXTENDED GAS TARGET)




DIANA High Energy SimulationsC

DIANA

5 mA 3He* Beam at 400 kV 5 mA 3He* Beam at 3 MV
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